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(54) Method and apparatus for producing polyhydroxyalkanoate 



(57) The present invention provides a method for 
producing highly purified polyhydroxyalkanoate (PHA) 
with high yieid, by removing cell components other than 
PHA from cells containing PHA. Moreover, the present 
invention provides a method for simply removing or re- 
ducing chlorine remained in the collected PHA particles, 
when a treatment with an oxidizing agent containing hy- 
pochlorite is performed in the production of PHA as de- 
scribed above. One of the above-described methods 



comprises a step of treating cells containing polyhy- 
droxyalkanoate with an oxidizing agent containing at 
least hypochlorite, a step of separating the treated cells 
into a water-soluble fraction and a water-insoluble frac- 
tion, and a step of reducing chlorine remained in the wa- 
ter-insoluble fraction. The step of reducing chlorine may 
be a step of washing the water-insoluble fraction with a 
hot water, thiosulfate solution or polar solvent solution 
containing at least an organic polar solvent in which pol- 
yhydroxyalkanoate is Insoluble. 
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EP 1 245 682 A2 
Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



I hvlt ?Z2T T IT* ° 8 meth ° d f ° r pr0dUCing P^hydroxyalkanoate (which is also referred to as 
poly-3-hydroxyalkano.c acid", and here.nafter abbreviated as "PHA" at times), using a microorganism havinq an abilitv 

hi' mhk 8 ? T U ' ate PHA in 8 Ce " th6r60f - ° r 3 hi 9 her or 9 anism sucn « ■ P'ant cell, in whfch PHA production 
has enabled by introduction of a PHA synthesis gene. production 

[0002] More specifically, the present invention relates to a method for producing PHA, which comprises a steo of 
removing cell components otherthan PHA by treating cells containing PHA wrth an oLzing agent wh^ 
remove cell components other than PHA with a few steps, at a low cost, and obtain hiahlv DurifiRri pha wtth h^h 

n PreSem lnVent L° n re ' at6S 10 9 meth ° d f ° r pr0dU0in S PHA - PHA containing a reduced amoum of 

residual chlorine or no residual chlorine can be obtained «"'uuru oi 

SphT^ 

Related Background Art 

[0004] Up till now, it has been reported that a large number of microorganisms produce and accumulate poly-3-hv- 

SSK^EfST?* abb : e 0 Vi T d 88 " PHB " 3t " ° ther PHAS in Ce " S thereof (BiodegraTaSepLt 

Handbook, ed. by A Study Group of B.odegradable Plastics, NTS, Inc., p. 1 78-1 97). As the conventional plastics these 

StZT , ; USed ;°:r oductton * -rious P«-«* by melt processing, etc. M.»J^E?SSitS 
an advantage of biodegradab.lity to be completely decomposed by microorganisms in the nature Therefore unHke 

!?Z2^Tr^ PreVi0US ' y USed ' thSSe P °' ymerS d ° n0t rem ^ in the natUral -^nment a d' 22 
oollu^or nfl J V re 5 U,re "l lnclnerati0 " f-atment, so they can be useful materials in terms of prevention of air 
Z be aoo ■£? r? ! Urth f er -.^ ese P°'V mers are excel.ent in biocompatibi.ity. and so it is expected that they 
will be apphed as medical soft materials, etc. It is known that the PHA produced by microorganisms can have various 

dium c lure Z£Z T*,**™! *° °" T ^ ° f ^^isms used for the production, the composition " 
from 'th ZlnZ, ? ' 8te - 3 ^ 6arCheS ° n thG COntr0 ' 0f the C0 ^P°aition or structure have been made mainly 
from the viewpoint of improvement of the physical properties of PHA 

EHKL T mPle ', lu 88 bee " rep ° rted that Alcali 9 en as eutrophus H16 (ATCC No. 17699) and mutants thereof 
P !"^ d a copolymer of 3-hydroxybutyric acid and 3-hydroxyvaleric acid in various composition ratios by^an/hTci carbon 
sou ces when they are cultured (Japanese Patent Publication Nos. 6-15604, 7-14352, 8-1 9227 etc ) JapaS Patent 

cSusT A? ; OPSn 5 o 74492 diSCl0S6S 3 meth ° d ,0r a " 0Win 9 ^^oorganism; of M*ltfS£Zy Para 
2?E Z\ t 9 f h neS S P > Pseudomo "as sp. to produce a copolymer of 3-hydroxybutyric acid and 3-hydrox^aleric 

No I M SSSS oT 12 r mary a,C ° h01 C ° ntaining 3 10 7 C3rt}0n 3t0ms - Japanese Patent App.icatfon LaTopen 
nnii o ^ 893 discloses that Comamonas acidovorans IF013852 produces a polyester having 3-hydroxybutvric acid 

roon*" «" y dr ° Xyb D T C a f d Unit by Perf0rmin9 culture usin 9 9 luconic acid and 1 ,4-butaned?ol as caZ sources 
a 3 hJdrnt^ 656 N °- 2642937 diSCl0SSS that Pse ^°™nas oleovorans ATCC 29347 produces PHA havL 

mlZZZlT T C ° ntain, ' n9 6 * 12 ^ at0ms ' where nonc y clic a «Phatic hydrocarbon prS 
thereto as a carbon source. Japanese Patent Application Laid-Open Nos. 5-93049 and 7-265065 disclose that Ae om 
onas caviae produces a copo.ymer of two components, 3-hydroxybutyric acid and 3-hydroxyhexan* ^ acid by pe]- 
forming culture using oleic acid or olive oil as a carbon source *ynwwnwo acio, D y per 

[0007] The above described PHAs are all PHAs consisting of monomer units having an alkyl group on a side chain 

[0008] It has been reported that some types of microorganisms produce, PHA having various substituents otherthan 

toTmZe S the 2 T ""ST fT"' *" * What iS CaNed "» M PHA", and using such mean a ^ attempt 
■ ♦? * Tl pr0pertles of tne P™*«ed by microorganisms has been started. Moreover where a 
l: ^ 6 PHA produced by microorganism, e.g. application as a functiona. polymer is considered the 
unusual PHA is extremely useful. Examples of substituents include a substituent comprising an aromatic rinq (a 
phenyl group, a phenoxy group, a benzoyi group, etc.), an unsaturated hydrocarbon, an ester gLp, an 7m group a 
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(a) Substituents comprising a phenyl group or a partially substituted phenyl group 

[0009] Makromol. Chem., 191, 1957-1965 (1990) and Macro molecules, 24, 5256-5260 (1991) report that Pseu- 
domonas oleovorans produces PHA comprising 3-hydroxy-5-phenylvaleric acid as a unit from 5-phenylvaleric acid as 
5 a substrate. Macromolecules, 29, 1 762-1 766 (1 996) reports that Pseudomonas oleovorans produces PHA comprising 
3-hydroxy-5-(4'-tolyl)valeric acid as a unit from 5-(4'-toIyl)valeric acid as a substrate. Macromolecules, 32, 2889-2895 
(1999) reports that Pseudomonas oleovorans produces PHA comprising 3-hydroxy-5-(2 , ,4 , -dinitrophenyl)valeric acid 
and 3-hydroxy-5-(4'-nitrophenyl)valeric acid as units from 5-(2* 1 4 , -dinitrophenyl)valeric acid as a substrate. 

10 (b) Substituents comprising a phenoxy group or a partially substituted phenoxy group 

[0010] Macromol. Chem. Phys., 195, 1665-1672 (1994) reports that Pseudomonas oleovorans produces a PHA 
copolymer of a 3-hydroxy-5-phenoxyvaleric acid unit and a 3-hydroxy-9-phenoxynonanoic acid unit, from 11-phenox- 
yundecanoic acid as a substrate. Japanese Patent No. 2989175 discloses inventions regarding: a homopolymer con- 
is sisting of a 3-hydroxy-5-(monofluorophenoxy)pentanoate (3H5(MFP)P) unit or a 3-hydroxy-5-(difluorophenoxy)pen- 
tanoate (3H5(DFP)P) unit; a copolymer comprising at least a 3H5(MFP)P unit or a 3H5(DFP)P unit; and a method for 
producing the above-described polymers, using Pseudomonas putida of Pseudomonas sp. that synthesizes these 
polymers. The publication states that the effect of the inventions Is to provide stereoregularity and water repellency 
while retaining a high melting point and good workability. Moreover, Japanese Patent Application Laid-Open No. 
20 2000-72865 reports that Pseudomonas putida 27N01 produces PHA comprising various types of 3-hydroxyfluoroph- 
enoxyvaleric acid units. 

[0011] In addition to such fluorine-substituted forms, studies on cyano- or nitro-substituted forms have also been 
progressed. Can. J. Microbiol., 41 , 32-43 (1 995) and Polymer International, 39, 205-213 (1996) report the production 
of PHA comprising 3-hydroxy-p-cyanophenoxyhexanoic acid or 3-hydroxy-p-nitrophenoxyhexanoic acid as a monomer 
25 unit from octanoic acid and p-cyanophenoxyhexanoic acid or p-nitrophenoxyhexanoic acid as substrates, using Pseu- 
domonas oleovorans ATCC 29347 and Pseudomonas putida KT 2442. 

[001 2] These reports are useful to obtain polymers having physical properties derived from PHA having an aromatic 
ring on a side chain thereof, unlike a usual PHA having an alkyl group on a side chain. 

[0013] As a new category, not only regarding change of physical properties, but also a study for producing PHA 
30 having a suitable functional group on a side chain thereof to create a new function using the functional group, is pro- 
gressing. 

[0014] Forexample, Macromolecules, 31 , 1480-1486 (1996), Journal of Polymer Science: Part A: Polymer Chemistry, 
36, 2381-2387 (1998), etc. report that PHA comprising a highly reactive epoxy group at the terminus of a side chain 
thereof was synthesized by synthesizing PHA comprising a unit having a vinyl group at the terminus of the side chain 

35 and then performing epoxidation with an oxidizing agent. Further, other than a vinyl group, as an example of synthe- 
sizing PHA comprising a unit having thioetherthat is expected to have a high reactivity, Macromolecules, 32, 8315-8318 
(1999) reports that Pseudomonas putida 27N01 produces a PHA copolymer comprising a 3-hydroxy-5-thiophenoxy- 
valeric acid unit and a 3-hydroxy-7-thiophenoxyheptanoic acid unit from 11 -thiophenoxyvaleric acid as a substrate. 
[001 5] It is known that microorganisms accumulate the produced PHA in their cells in the form of particles. To separate 

40 the PHA accumulated in the cells from microorganism cells and purify it, there are both a method involving extraction 
of PHA with a chlorine containing organic solvent such as chloroform or dichloromethane and a method for obtaining 
PHA particles by solubilizing cell components other than PHA for removal. The former solvent extraction method is an 
excellent method for simply extracting and separating PHA with high purity, but at an industrial production level, pro- 
duction scale increases, causing a problem regarding a need for a large amount of organic solvent (it is pointed out 

45 that a chlorine containing organic solvent used such as chloroform causes an environmental or health problem when 
the solvent volatilizes or transpires). Moreover, when PHA should be obtained in the form of particles, the method 
involving solvent extraction can not be employed. 

[001 6] On the other hand, as the latter method involving solubilization of cell components other than PHA for removal , 
there is known a method comprising solubilizing cell components other than PHA by a treatment with an agent such 

50 as hypochlorite or hydrogen peroxide, and collecting insoluble PHA particles by solid-liquid separation. For example, 
J. Gen. Microbiology, 19, 198-209 (1958) reports a method for separating and purifying polymers by treating microor- 
ganism cells with an alkali solution of sodium hypochlorite. Japanese Patent Application Domestic Publication No. 
8-508881 discloses a method for separating PHA from a ceil by treating a PHA accumulating cell with endopeptidase, 
then treating with a suitable chelating agent, and further treating with hydrogen peroxide. 

55 [0017] As another method, Japanese Patent Application Laid-Open No. 57-1 74094 discloses a method forseparating 
PHA from a microorganism cell by heating and pressurizing a PHA accumulating cell, and then releasing the pressure 
to crush the cell. Japanese Patent Application Laid-Open No. 63-226291 discloses a method for separating PHA, which 
comprises converting cell bodies to spheroplasts, crushing them by sonication, performing centrifugal separation, and 
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separating PHA in the uppermost layer formed after the centrifugal separation. 

[0018] These methods are extremely useful even when PHA is required to be obtained in the form of particles. 
[001 9] However, In the above-stated treatments, there are problems that operation is complicated and that enzyme, 
acid or alkali is used and Is likely to remain after the use therefore a method for more simply collecting PHA with high 
purity is desired. 

[0020] When compared with methods using other treating agents, a method using an oxidizing agent such as hy- 
pochlorite or hydrogen peroxide, needs moderate treatment conditions with simple steps, and impurities from cells are 
seldom mixed, so highly purified PHA can be obtained in the form of particles. Thus, this is an excellent method having 
many practical advantages such as low cost, but it has problems to be solved as stated below. 
[0021] For example, it has been considered that a method for collecting PHA accumulated in cells in the form of 
particles by treating the cells with hypochlorite such as sodium hypochlorite, is not adequate to practical use, since it 
has problems that molecular weight is reduced depending on the structure of PHA, and that a considerable amount of 
chlorine is remained in the collected PHA (for example, see Japanese Patent Application Laid-Open No. 7-177894). 
[0022] According to studies of the present inventors, it was found that this residual chlorine Is released quickly, when 
PHA is heated So, when a desired processed product is made from PHA particles obtained by using such a hypochlorite 
treatment, if a large amount of chlorine is released in a heating process thereof, it is strongly concerned that the released 
chlorine becomes a factor of pollution of work environment, etc. In addition, according to studies of the present inventors, 
it has also been clarified that the residual chlorine contained in the PHA particles cannot be removed sufficiently by a 
usual treatment such as washing with water. A conclusion is reached from the studies that, although the residual 
chlorine is strongly retained by PHA particles, it is released at a time by performing a heating process, and thereby the 
above-stated large amount of chlorine is observed. 

[0023] Accordingly, in a method for producing PHA involving a treatment with hypochlorite in the production process, 
the development of means for reducing residual chlorine strongly retained by PHA particles is an extremely important 
challenge in developing and using PHA on a commercial scale, especially in obtaining and using the PHA in the form 
of particles. 

[0024] On the other hand, in a method for collecting PHA accumulated in cells by treating the cells with a peroxide 
compound such as hydrogen peroxide or sodium peroxide, increase of purity of the collected PHA is an extremely 
important challenge in developing and using PHA on a commercial scale. 

[0025] Therefore, an object of the present invention is, when PHA is produced by treating with an oxidizing agent, 
to solve the above-stated problems in the prior art and to provide a method for producing PHA which comprises effi- 
ciently removing cell components other than PHA with a few steps, at a low cost, so as to obtain highly purified PHA 
with high yield. 

[0026] Moreover, another object of the present invention is, when PHA is produced by treating with an oxidizing 
agent containing hypochlorite, to provide a method for producing PHA which comprises a step of removing or reducing 
chlorine remained in the collected PHA particles by simple means with a good reproducibility. 

SUMMARY OF THE INVENTION 

[0027] As a result of thorough studies on a method for producing highly purified PHA with high yield by efficiently 
removing cell components other than PHA from cells containing PHA, with a few steps, at a low cost, the present 
inventors have accomplished the following invention. 

[0028] That is to say, the present invention relates to a method for producing PHA by treating cells containing PHA 
with an oxidizing agent to remove cell components other than PHA, which comprises a step of treating the cells with 
an oxidizing agent comprising at least hypochlorite, a step of separating the treated cells into a water-soluble fraction 
and a water-insoluble fraction, and a step of reducing chlorine remained in the water-insoluble fraction. 
[0029] Specifically, the present invention relates to a method for producing PHA by treating cells containing PHA 
with an oxidizing agent to remove cell components other than PHA, which comprises a step of treating the cells with 
an oxidizing agent comprising at least hypochlorite, a step of separating the treated cells into a water-soluble fraction 
and a water-insoluble fraction, and a step of washing the water-insoluble fraction with a hot water. 
[0030] Moreover, the present invention relates to a method for producing PHA by treating cells containing PHA with 
an oxidizing agent to remove cell components other than PHA, which comprises a step of treating the cells with an 
oxidizing agent comprising at least hypochlorite and a step of washing the obtained PHA with an aqueous thiosulfate 
solution. 

[0031] Furthermore, the present invention relates to a method for producing PHA by treating cells containing PHA 
with an oxidizing agent to remove cell components other than PHA, which comprises a step of treating the cells with 
an oxidizing agent comprising at least hypochlorite and a step of washing the obtained PHA with a polar solvent solution 
comprising at least an organic polar solvent in which the PHA is insoluble. 

[0032] Still more, the present invention relates to a method for producing PHA, comprising a step of obtaining a 
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crushed product by crushing cells containing PHA, a step of separating the crushed product into a water-soluble fraction 
and a water-insoluble fraction and a step of treating the water-insoluble fraction with an oxidizing agent. 
[0033] Still further, the present invention relates to an apparatus with which the above-described method for producing 
PHA can be carried out. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Figure is a view showing a method for determining chlorine concentration described in Examples 1 and 2. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0035] According to the method for producing PHA of the present invention, PHA of interest can be biosynthesized 
and accumulated in ceils, using a microorganism having an ability to produce the PHA, or a higher organism such as 
a plant cell, in which PHA production has enabled by introduction of a PHA synthesis gene of the microorganism by 
15 gene recombination technique. Accordingly, the term "cell" (also referred to as "biocell" or "organism cell") means not 
only microorganism cells, but also cells of a higher organism such as a plant cell, in which PHA production has enabled 
by intorduction of a PHA synthesis gene. 

[0036] As the above-stated microorganism having an ability to produce PHA, any microorganism can be used as 
long as it has a desired PHA production ability, and examples of such a microorganism include Ralstonia eutropha 
20 TB64 that will be used in Examples of the present specification, Pseudomonas oleovorans ATCC 29347 (furnished 
from American Type Culture Collection), Pseudomonas cichorii YN2, Alcaligenes sp. TL2, etc. 

[0037] The TB64 strain is disclosed in Japanese Patent Application Laid-Open No. 2000-166587, and this strain is 
deposited under the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for the Pur- 
poses of Patent Procedure with International Patent Organism Depositary in National Institute of Advanced Industrial 
25 Science and Technology, an Independent Administrative Institution (the former Patent Microorganism Depositary Cent- 
er of National Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology, the Ministry 
of International Trade and Industry) under accession No. FERM BP-6933. 

[0038] The YN2 strain is deposited under the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure with the International Patent Organism Depositary in National 
30 Institute of Advanced Industrial Science and Technology, under accession No. FERM BP-7375. The bacteriological 
properties of YN2 can be listed as follows. 

<Bacteriological Properties of Strain YN2> 



5 



35 



[0039] 



(1) Morphological Properties 



40 



Shape and size of cells: rod, Q.8um x 1 .5 to 2.0u,m 
Polymorphism of cells: negative 
Mobility: motile 
Sporulation: negative 
Gram staining: negative 

Colony shape: circular; entire, smooth margin; low convex; smooth surface; glossy; translucent 



45 



(2) Physiological Properties 



55 



50 



Catalase: positive 
Oxidase: positive 

O/F test: oxidative (n on -fermentative) 

Nitrate reduction: negative 

Indole production: positive 

Acid production from glucose: negative 

Arginine dihydrolase: negative 

Urease: negative 

Esculin hydrolysis: negative 

Gelatin hydrolysis: negative 

(3-Galactosidase: negative 
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Fluorescent pigment production of King's B agar: positive 
Growth under 4% NaCI: positive (weak growth) 
Poly-p-hydroxybutyrate accumulation: negative (*) 
Tween 80 hydrolysis: positive 

5 

(*) Colonies cultured on nutrient agar were stained with Sudan Black for determination. 
(3) Substrate Assimilation 

Glucose: positive 
io L-Arabinose: positive 

D-Mannose: negative 

D-Mannitol: negative 

N-Acetyl-D-glucosamine: negative 

Maltose: negative 
is Potassium gluconate: positive 

n-Caprate: positive 

Adipate: negative 

dl-Malate: positive 

Sodium citrate: positive 
20 Phenyl acetate: positive 

[0040] The TL2 strain is deposited under the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure with the Patent Organism Depositary of the National Institute 
of Advanced Industrial Science and Technology, under accession No. FERM BP-6913. 
25 [0041] In the method of the present invention, insoluble PHA produced in these cells is accumulated in the form of 
particles. When these PHA particles are collected by solid-liquid separation, admixed impurities consisting of cell com- 
ponents other than PHA is solubilized by treating with an oxidizing agent, so that only water-insoluble PHA particles 
are separated as a solid phase component. 

[0042] That is to say, in the method of the present invention, there is used means, wherein cells accumulating PHA 
30 are collected from a culture solution after culture, and these cells are suspended in a treatment solution containing an 
oxidizing agent, followed by a reaction for a certain period under certain conditions in the treatment solution, so as to 
solubilize and remove cell components other than PHA, thereby separating PHA particles from the cells. Examples of 
an oxidizing agent to be used in this means include hypochlorite and a peroxide compound. 

[0043] Examples of hypochlorite used in the method of the present invention include potassium hypochlorite (KCIO), 
35 calcium hypochlorite (Ca(OCI) 2 ), sodium hypochlorite (NaCIO), and these can be selected and used as appropriate. 
[0044] The concentration of hypochlorite dissolved in a treatment solution is preferably set within a range of 0.5% 
to 12.0%, desirably 1 .5% to 5.0% as an effective chlorine concentration in the solution. For example, where a com- 
mercially available sodium hypochlorite solution is used as hypochlorite, the concentration of sodium hypochlorite is 
desirably set around 4% (about 1 .7% as an effective chlorine concentration) to about 6% (about 2.5% as an effective 
40 chlorine concentration). Moreover, the amount of the treatment solution is preferably set within a range of 50 ml to 300 
ml per g dry weight of cells to perform a treatment. The treatment temperature is desirably set within a range of 0°C 
to 10°C to perform a treatment, since if the temperature is higher than room temperature (around 20°C), even PHA 
itself may be reacted and provide partial hydrolysis, resulting in reduction of the molecular weight of PHA. In some 
cases, the contact of sodium hypochlorite with cells may generate heat, so attention should be paid necessarily. When 
45 the concentration of hypochlorite and the temperature condition are selected as stated above, a treatment period is 
set within a range of 1 hour to 5 hours, usually about 2 hours to attain a sufficient solubilization treatment. Where the 
treatment period is set at less than 1 hour solubilization of cell components other than PHA is insufficient, and where 
the treatment is carried out for more than 5 hours, it causes reduction of the molecular weight of PHA, so attention 
should be paid. 

so [0045] Examples of the peroxide compound used in the present invention include organic peroxides such as hydrogen 
peroxide, perbenzoic acid, metachloroperbenzoic acid, performic acid, peracetic acid, monoperoxyphthalic acid and 
trifluoroperacetic acid, and esters thereof. Of these, either hydrogen peroxide or sodium percarbonate is desirably 
used, since it can easily be used as a solution and provides a relatively moderate reaction. Hydrogen peroxide is 
extremely useful in terms of enhancement of the purity of the collected PHA, since it provides no residues after a 

55 treatment, but this compound may have a possibility that the structure is changed by oxidation depending on the unit 
structure of PHA. In such a case, sodium percarbonate is desirably used, that provides a more moderate reaction. 
[0046] The concentration of hydrogen peroxide used in the above-described method is desirably within a range of 
3.0% to 31 .0%, and the concentration of sodium percarbonate is desirably within a range of 5.0% to 20.0%. 
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[0047] Where these peroxide compounds are used, the treatment temperature is desirably within a range of 80°C 
to 100°C. If the temperature is set below the above range, it has little effect and the purity of the collected product 
becomes low. If the temperature is set beyond the above range, the structure of the compound may be altered. The 
reaction time is set at 30 minutes to 2 hours, more desirably about 1 hour. 

s [0048] After completion of the above-described reaction of solubilization treatment, PHA particles in the treatment 
solution can be collected by any solid-liquid separation means, as long as it enables to effectively separate the PHA 
particles from solubilized cell components that coexist therewith. For example s PHA particles can be separated from 
soluble fractions by centrifugal separation method. PHA in this time point is in the form of fine particles suspended in 
an aqueous solution. The operation of centrifugal separation should be carried out while maintaining the form of PHA 

10 fine particles, so that the subsequent dechloridation treatment is carried out with high efficiency That is, centrifugal 
separation is desirably carried out with a temperature of about 0°C to about 1 0°C, preferably about 0°C to about 5°C. 
[0049] Moreover, more desirably, there is added a step of further washing PHA particles collected by centrifugal 
separation method with a purified water such as a deionized water, distilled water or pure water, so as to sufficiently 
remove admixed components which are likely to be contained in small amounts. The above-described washing step 

is is desirably carried out two or three times. Especially, when sodium percarbonate is used as a perioxide compound, 
attention is needed for avoiding the residue of sodium percarbonate. 

[0050] Where extremely highly purified PHA is required to be obtained, after separating and washing PHA, for ex- 
ample, a chemical treatment using enzyme, an oxidizing agent : a surfactant, or a combined use thereof, can also be 
performed. 

20 [0051] Where a step of crushing cells is further added before the above-described step of treating with an oxidizing 
agent, PHA can be separated more effectively. In this cell-crushing step, it is desired to use methods wherein no agents 
are used, such as ultrasonication method, homogenizer method, high-pressure crushing method, bead impact method, 
milling method, grinding method (wherein an assistant agent such as glass powders or alumina powders is added and 
ground in a mortar), and freeze-th awing method. In respect of this resuspension, a solid component and a soluble 

25 component are separated by a method such as centrifugal separation, and then a solid component containing a PHA 
component is treated with a peroxide compound or hypochlorite. 

[0052] As stated above, in the present invention, hypochlorite can preferably be used as an oxidizing agent that 
solubilizes cell components other than PHA. A treatment with hypochlorite generates chlorine as a byproduct from the 
consumed hypochlorous ions : and a portion thereof adhered on the surface of water-insoluble PHA particles aresep- 
30 arated. A portion weakly adhered on the surface of the PHA particles is eluted and removed by washing with water 
after a treatment with hypochlorite and solid-liquid separation, but a chlorine portion strongly adhered thereon becomes 
residual chlorine, and the residual chlorine is not removed until a heating process is performed. Such residual chlorine 
may be a problem for the use of the obtained PHA. 

[0053] To remove such residual chlorine, in the present invention, after the above-stated treatment with hypochlorite 
25 and the subsequent solid-liquid separation step, there is further added a step of washing in a solution, wherein chlorine 
is soluble, set forth below. A washing treatment performed in a liquid has simple steps such as suspension or stirring, 
collection after washing is easy, and yield rate or purify is not reduced, so this washing treatment is suitable as a method 
for treating fine particles. It is needless to say that a washing solution is required not only to solubilize chlorine but also 
not to solubilize PHA. As a washing treatment for elimination of residual chlorine, there can be used means which 
40 comprises, further suspending the obtained PHA in a purified water, rising a temperature from 30°C to 60°C while 
stirring, removing chlorine remained in the collected PHA. In this case, the amount of a hot water is an amount in which 
the removed chlorine can sufficiently be dissolved, so 50ml or more per g (dry weight) of PHA is desired, and a treating 
time is desirably 6 hours or more (it is desired that, as the treatment temperature is lowered, the treating time is length- 
ened). Moreover, it is desired that this treatment is repeated twice or more, while replacing the used hot water with 



[0054] After completion of the above-described washing, any method for collecting PHA particles in a washing so- 
lution can be applied, as long as the PHA particles can effectively be separated and purified from coexisting components 
by the method, and for example, centrifugal separation method can be applied. 

[0055] As an alternative washing treatment for elimination of residual chlorine, there can be used the following means 
for washing residual chlorine with an aqueous thiosuifate solution to reduce the chlorine. 

[0056] Thiosuifate used herein can be selected appropriately from a group consisting of potassium thiosuifate 
(K 2 S 2 0 3 ), potassium thiosuifate trihydrate (K 2 S 2 0 3 • 3H 2 0), calcium thiosuifate hexahydrate (CaS 2 0 3 • 6H 2 0), ferrous 
thiosuifate (FeS 2 0 3 ), sodium thiosuifate (Na2S 2 0 3 ), sodium thiosuifate pentahydrate (Na2S 2 0 3 - 5H 2 0), and ammo- 
nium thiosuifate ((NH 4 ) 2 S 2 0 3 ). Moreover, a solution or mixture comprising the above-listed thiosulfates can also be 



[0057] Of these thiosulfates, sodium thiosuifate pentahydrate (Na 2 S 2 O a • 5H 2 0, commonly called "hypo") has con- 
ventional been mainly used as a "kalk removing agent" from tap water. Sodium thiosuifate pentahydrate has an action 
to absorb chlorine in an aqueous solution, and the mechanism is shown in the following formula (1). 



45 



new one. 



55 



used. 



BNSDOCID: <EP 1245682A2J_> 



7 




EP 1 245 682 A2 




Na 2 S 2 0 3 -h 4CI 2 + 5H 2 0 -» 2NaCI + 2H 2 S0 4 + 6HCI 



d) 



[0058] By washing PHA with an aqueous thiosulfate solution residual chlorine retained by the PHA is removed as 
5 a result of the above reaction (1 ). 

[0059] The temperature in a washing treatment with thiosulfate is set appropriately depending on the physical prop- 
erties of the PHA, but it is usually set at 0°C to 100°C, desirably 20°C to 70°C. The washing time in the washing 
treatment is set at 5 minutes to 24 hours, desirably 1 hour to 3 hours. 

[0060] After a washing treatment, any method for collecting PHA particles in a washing solution can be applied, as 
10 long as the PHA particles can effectively be separated and purified from coexisting components, and for example, 
centrifugal separation method can be applied. Further, it is more desirable if there is added a step of further washing 
the PHA particles washed by this washing treatment, with a purified water, or the like. 

[0061] As an alternative washing treatment for elimination of residual chlorine, there can be used the following means 
for washing residuai chiorine with an organic poiar soiveni to reduce the chiorine. 
15 [0062] In this washing treatment with a polar solvent solution, residual chlorine adhered on the surface of PHA par- 
ticles is washed with a polar solvent solution containing, at a concentration of 50% or more with respect to the total 
volume, an organic polar solvent that is insoluble to PHA of interest, so that the residual chlorine is eluted in the polar 
solvent solution and reduced. 

[0063] Where the above-described washing treatment with an organic polar solvent is performed to a chlorine portion 
20 that is strongly adhered on the surface of insoluble PHA particles, most of the chlorine can be removed. In the PHA 
particles obtained by this method, the absolute amount of residual chlorine is significantly reduced. So, when a proc- 
essed product is made using the PHA particles as raw materials, the amount of chlorine released by heating can be 
controlled to an extent where the chlorine does not become a factor of pollution of work environment, etc. 
[0064] Examples of an organic polar solvent used in a washing treatment with a polar solvent solution include alcohol, 
25 ketone, etc. More specifically, such an organic polar solvent can be selected appropriately from methanol, ethanol, 
isopropanol, isobutanol, acetone, etc. for the use. Generally these organic polar solvents are used singly, but a mixed 
solvent comprising several types of solvents can also be used. Moreover, since the above-stated organic polar solvent 
such as alcohol or ketone has a high affinity with water, it can also be used as a mixed solvent obtained by being mixed 
with water uniformly. When an organic polar solvent is used as a mixed solvent that is mixed with water uniformly, it is 
30 desired that the content percentage (concentration) of the organic polar solvent is set high. For example, where the 
content percentage (concentration) of the organic polar solvent is set at 99% or more, a washing effect almost equivalent 
to the use of a single solvent can be achieved. 

[0065] The temperature in a washing treatment with a polar solvent solution is set appropriately depending on the 
physical properties of PHA of interest such as solubility to an organic polar solvent, a softening point or melting point, 
35 but usually, it is desired to set at a temperature within a temperature domain where the organic polar solvent used is 
in a liquid state, allowing only a little transpiration, e.g. within a range of 0°C to 50°C. The washing time in the washing 
treatment depends on the type of the used organic polar solvent or temperature, but it is set within a range of 5 minutes 
to 24 hours, preferably 1 hour to 3 hours to achieve sufficient washing and elimination. 

[0066] After completion of a washing treatment with a polar solvent solution, as means for collecting the washed 

40 PHA particles from the liquid containing an organic polar solvent, any solid-liquid separation method can be applied, 
as long as the particles can effectively be separated from coexisting components dissolved in the polar solvent solution 
containing the organic polar solvent. For example, PHA particles can be separated from components dissolved in a 
solution containing an organic polar solvent by centrifugal separation method. Furthermore, after completion of the 
washing treatment with an organic polar solvent, it is more desirable if a step of further washing the collected PHA 

45 particles again with purified water or the like is added to remove the residue of the organic polar solvent. 

[0067] It was found that, being independent of the type of PHA particles, a washing effect in the above-described 
washing treatment with a polar solvent solution has versatility and also high reproducibility. Moreover, since the amount 
of PHA particles is far smaller than the bulk of the original cells itself, the amount of an organic polar solvent used in 
the above-described washing treatment with the solvent is so little that it is incomparable with the amount of an organic 

50 solvent used in organic solvent extraction method. Furthermore, PHA itself is not dissolved but only chiorine adhered 
on a surface thereof is eluted, and the washed PHA particles are re-collected by solid-liquid separation method. So, 
in this step, the amount of an organic solvent that is volatilized or transpired can be kept extremely low. In organic 
solvent extraction method, a small amount of organic solvent remained even in a water phase should be collected, 
and further, when PHA was recovered from an organic phase, a large amount of organic solvent removed by solvent 

55 removal or the like should also be recovered. However, by the method of the present invention, a recovery of organic 
solvents that becomes more difficult as the scale increases, can be carried out easily. 

[0068] In a step of drying the PHA particles obtained in the above-described step of removing residual chlorine, a 
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method such as air drying, vacuum drying or freeze-drying can be selected as appropriate, depending on the physical 
properties of the PHA, the form to be taken, etc. 

[0069] As an apparatus used to produce PHA by the above-described method, an apparatus used for general mi- 
croorganism production or chemical synthesis can be used singly or in combination. An apparatus used to produce 
5 PHA having the following configurations can be exemplified as an embodiment of the production apparatus most suit- 
able for the method for producing PHA of the present invention. 

[0070] This apparatus has means for removing cell components other than PHA by treating cells comprising PHA 
with the above-described oxidizing agent; means for separating the treated cells into a water-soluble fraction and a 
water-insoluble fraction (PHA); and means for removing residual chlorine from the water-insoluble fraction by washing. 

10 The means for removing residual chlorine is at least one means selected from a group consisting of means for washing 
the water-insoluble fraction with a hot water, means for washing the water-insoluble fraction with an aqueous thiosulfate 
solution, and means for washing the water-insoluble fraction with a polar solvent solution comprising an organic polar 
solvent, which is insoluble to the above-described PHA. Moreover, this production apparatus can also be an apparatus 
having means for crushing cells comprising PHA to obtain a crushed product and means for separating the crushed 

15 product into a water-soluble fraction and a wateNnsoluble fraction, before the above-described means for treating with 
an oxidizing agent, as necessary. 

[0071] The present Invention will be further specifically described in the following examples. These are examples of 
the best mode for carrying out the present invention. However, these examples are not intended to limit the scope of 
the invention. The "%" in the following examples denotes weight standard, unless otherwise specified. An M9 medium 
20 used in each example has the following composition. (M9 medium) 



(pH 7.0 per liter of medium) 
(Example 1) 

[0072] A colony of strain TB64 on an M9 agar medium containing 0.1% sodium malate was transferred to 50 ml of 
M9 medium containing 0.5% sodium malate in a 500ml shaking flask, followed by shaking culture at 30°C. After 24 
hours, 5 ml of the culture solution was added to 1L of M9 medium wherein only NH 4 CI as a nitrogen source was 
prepared at a concentration of 1/10, and which contained 0.5% sodium malate, and then the mixture was shaken in 
the same manner so as to accumulate PHB in cell bodies. After 52 hours, PHB accumulating cell bodies were collected 
by centrifugal separation and resuspended in 30 ml of distilled water, and then divided into three equal aliquots (10 ml 
each). These three aliquots were numbered 1 to 3 and the following treatment was carried out thereon. 
[0073] 1 : Control: After centrifugal separation, one of the three aliquots was subjected to further washing with meth- 
anol, freeze-drying, and weighing. Then, an extraction with chloroform was carried out at 60°C for 24 hours. After the 
obtained extract was filtrated and concentrated, it was reprecipitated with methanol followed by vacuum drying to obtain 
a control polymer (Sample 1). 

[0074] 2: Both 30 ml of deionized water cooled to 4°C and 20 ml of sodium hypochlorite solution (containing 12% 
sodium hypochlorite (effective chlorine concentration: 5% or more); Kishida Chemical Co., Ltd.) cooled to 4°C, were 
added to one of the three aliquots, followed by reaction at 4°C for 2 hours. After completion of the reaction, 140 ml of 
deionized water cooled to 4°C was added to the reaction solution, and centrifugal separation was carried out at 4°C 
at 29,400 m/s 2 (3,000 x g) for 30 minutes. 80 ml of deionized water cooled to 4°C was added to the obtained precipitate, 
and the particles were fully dispersed by ultrasonication followed by centrifugal separation (4°C, 29,400 m/s 2 (3,000 
x g), 30 minutes). This operation was repeated twice and the obtained precipitate was subjected to freeze-drying. The 
obtained product is defined as Sample 2. 

[0075] 3: A sample obtained by an operation of washing with deionized water as described in the above 2 was 
suspended in 50 ml of deionized water and stirred at 50°C for 6 hours. Then, the supernatant was removed by centrifugal 
separation (4°C, 29,400 m/s 2 (3,000 x g), 30 minutes). This washing treatment with a hot water was repeated once 
again. 40 ml of deionized water cooled to 4°C was added to the obtained precipitate, and the particles were fully 
dispersed by ultrasonication, followed by centrifugal separation (4°C, 29,400 m/s 2 (3,000 x g), 30 minutes). This op- 
eration was repeated once again and the obtained precipitate was subjected to freeze-drying. The obtained product 
is defined as Sample 3. 



25 



Na 2 HP0 4 
KH 2 P0 4 
NaCI 
NH 4 CI 



6.2g 
3.0g 
0.5g 
10g 
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(Measurement of residual chlorine) 

[0076] The residual chlorine of each of Samples 2 and 3 was measured as follows. 

[0077] As shown in Figure, an Erlenmeyer flask 1 (the total content: 637ml), and a cap comprising an outer cap 2a 
s (screw cap) having a hole in a center thereof, a Teflon inner cap 2b having a hole in a center thereof and aluminum 
foil 2c having the same size as the inner cap, were heated at 150°C in an oven beforehand. Then, 0.3g of a sample 4 
on an aluminum foil 3 was placed into the flask and the cap was hermetically sealed, followed by heating at 150°C. 
After3 minutes, a detectortube 6 (GASTEC Corp.; a chlorine detectortube, product No. 8La (detectable concentration: 
0.5 ppm to 8 ppm) or product No. 8H (detectable concentration: 0.5 ppm to 8 ppm)) was inserted into the hole, and 
10 100 ml gas generated from the sample was drawn from the tube to measure chlorine concentration. 

[0078] As a result, the chlorine concentration of Sample 2 without a hot water treatment was about 50 ppm, whereas 
that of Sample 3 with a hot water treatment was about 4 ppm. When compared with Sample 2, Sample 3 has higher 
effects of chlorine reduction. 

[0079] To determine "yieid rate" and "purity" that are described below, the following operation was carried out. 
15 [0080] 30 ml of chloroform was added to Samples 1 to 3 that were dried, and a stirring extraction operation was 

carried out at 60°C for 24 hours. The chloroform solution containing extracted PHB, was filtrated with a 0.45ujti PTFE 

filter, and the filtrate was concentrated by a rotary evaporator. The concentrate was added to 10 times amount of 

methanol to precipitate and collect PHB. The obtained PHB was subjected to vacuum drying and then weighing. 

[0081 ] The weight ratio of the PHB obtained by extraction of Samples 2 and 3 with chloroform with respect to Sample 
20 1 as a control, is determined as "yield rate", and the mass ratio of the PHB obtained by extraction of each sample with 

chloroform with respect to samples before chloroform extraction, is determined as "purity". The results are shown in 

Table 1 . 



Table 1 





Weight before chloroform 
extraction (mg/L) 


Weight after chloroform extraction 
(mg/L) 


Yield rate (%) 


Purity (%) 


Sample 1 


3100 


1880 






Sample 2 


1930 


1820 


96.8 


94.8 


Sample 3 


1920 


1810 


95.3 


94.3 



[0082] Although Sample 3 was treated with a hot water the yield rate and purity of Sample 3 were almost the same 
as those of Sample 2 that was not treated with a hot water. Therefore, a treatment with a hot water has an effect of 
35 reducing residual chlorine, while keeping a high yield rate and a high purity. 

(Example 2) 

[0083] A colony of Pseudomonas oleovorans on an M9 agar medium containing 0.1% n-nonanoic acid was trans- 
40 ferred to 50 ml of M9 medium containing 0.3% n-nonanoic acid followed by shaking culture at 30°C. After 40 hours, 5 
ml of the culture solution was added to 1 L of M9 medium containing 0.2% n-nonanoic acid and 0.05% 5-phenylvaleric 
acid, and then the mixture was subjected to shaking culture. After 36 hours, cell bodies were collected by centrifugal 
separation and resuspended in 1 L of M9 medium that did not contain NH 4 CI as a nitrogen source but contained 0.05% 
n-nonanoic acid and 0.2% 5-phenylvaleric acid, and then a shaking was performed to accumulate in the cell bodies, 
4 5 PHA containing as units, 3-hydroxynonanoic acid, 3-hydroxyheptanoic acid, 3-hydroxyvaleric acid and 3-hydroxy- 
5-phenylvaleric acid. After 48 hours, cell bodies accumulating PHA were collected by centrifugal separation, and the 
following treatment was carried out thereon. 

[0084] 4: Control: After centrifugal separation, the cell bodies were subjected to washing with methanol, freeze- 
drying, and weighing. Then, a chloroform extraction was carried out at 60°C for 24 hours. Thereafter, the extract was 
so filtrated and concentrated, and then was reprecipitated with methanol followed by vacuum drying to obtain a control 
polymer (Sample 4). 

[0085] 5: Both 30 ml of deionized water cooled to 4°C and 20 ml of sodium hypochlorite solution (containing 12% 
sodium hypochlorite (effective chlorine concentration: 5% or more); Kishida Chemical Co., Ltd.) cooled to 4°C, were 
added to the cell bodies, followed by a reaction at 4°C for 2 hours. After completion of the reaction, 1 40 ml of deionized 
55 water cooled to 4°C was added to the reaction solution, and centrifugal separation was carried out at 4°C at 29,400 
m/s 2 (3,000 x g) for 30 minutes. 80 ml of deionized water cooled to 4°C was added to the obtained precipitate, and 
the particles were fully dispersed by ultrasonication, followed by centrifugal separation (4°C, 29,400 m/s 2 (3,000 x g), 
30 minutes). This operation was repeated twice and the obtained precipitate was subjected to freeze-drying to obtain 
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Samples. 

[0086] 6: A sample obtained by an operation of washing with a deionized water as described in the above 5, was 
suspended in 50 ml of deionized water and stirred at 30°C for 12 hours. The supernatant was removed by centrifugal 
separation (4°C, 29,400 m/s 2 (3,000 x g), 30 minutes), and then resuspended in 50 ml of deionized water, followed 

5 by stirring at 30°C for 12 hours. After completion of the treatment, the supernatant was removed by centrifugal sepa- 
ration (4°C, 29,400 m/s 2 (3,000 x g), 30 minutes), and 40 ml of deionized water cooled to 4°C was added to the 
obtained precipitate. After the particles were fully dispersed by ultrasonication, centrifugal separation (4°C, 29,400 m/ 
s 2 (3,000 x g), 30 minutes) was earned out. This operation was repeated once again and the obtained precipitate was 
subjected to freeze-drying to obtain Sample 6. 

10 [0087] The residual chlorine of each of Samples 5 and 6 was measured by the same method as described in Example 
1 . As a result, the chlorine concentration of Sample 5 without a hot water treatment was about 20 ppm (determined 
from 30 ml drawn by detector tube 8La), whereas that of Sample 6 with a hot water treatment was about 2 ppm. When 
compared with Sample 5, Sample 6 has higher effects of chlorine reduction. 

[0088] Moreover, these samples were extracted with chloroform in the same manner as in Example 1 , and the yield 
is rate and the purity were determined. The results are shown in Table 2. 




Table 2 





Weight before chloroform 
extraction (mg/L) 


Weight after chloroform extraction 
(mg/L) 


Yield rate (%) 


Purity (%) 


Sample 4 


1890 


980 






Sample 5 


1010 


960 


98.0 


95.0 


Sample 6 


1000 


960 


98.0 


96.0 



25 

[0089] The yield rate and purity of Sample 6 with a hot water treatment are almost the same as those of Sample 5 
that was not subjected to a hot water treatment. Therefore, similarly as in the case of PHB in Example 1 , a hot water 
treatment has an effect of reducing residual chlorine with respect to PHA having an aromatic ring in this example, while 
keeping a high yield rate and a high purity. 

30 

(Example 3) Washing with sodium thiosulfate aqueous solution (1 ) 

[0090] A strain YN2 was inoculated into 200 ml of M9 medium containing 0.5% yeast extract (Oriental Yeast, Co., 
Ltd.), and shaking culture was carried out at 30°C at 125 strokes/min in a 500 ml of shaking flask. After 8 hours, the 
35 above culture solution was added to 25 L of M9 medium containing 0.5% polypeptone (Nihon Pharmaceutical Co., 
Ltd.) and 0.1% 5-thiophenoxyvaleric acid, and the mixture was then subjected to aeration and stirring culture at 30°C 
for 48 hours in a 50 L jar fermenter. 

[0091] 200ml of the above culture solution was subjected to centrifugal separation (78,000 m/s 2 (8,000 x g), 4°C, 
1 0 minutes) to collect microorganism cells, followed by washing with cold methanol and then vacuum drying. The pellet 

40 obtained by the vacuum drying was suspended in 20 ml of chloroform, and the suspension was stirred at 60°C for 20 
hours to extract PHA. The extract was filtrated with a membrane filter having a pore size of 0.45pm and then concen- 
trated with a rotary evaporator. The concentrate was reprecipitated in cold methanol, and then only the precipitate was 
collected and subjected to vacuum drying to obtain PHA. According to conventional methods, the obtained PHA was 
subjected to methanolysis, and analyzed by a Gas Chromatography/Mass Spectrometry (GC-MS, Shimadzu QP-5050, 

4 5 El method) to identify a methyl esterified product of a PHA monomer unit. As a result, it was found that microorganism 
cells in the culture solution comprise PHA having a monomer unit composition shown in Table 3. 



Table 3 





Polyhydroxyalkanoate produced by stain YN2 


50 


Dry weight of cell bodies (mg/L) 


1,300 




Weight of polymer (mg/L) 


530 




Monomer unit composition (GC-MS, TIC peak area ratio) 






3-hydroxy butyric acid 


8.8% 


55 


3-hydroxy-5-thiophenoxyvaleric acid 


91.2% 



[0092] Microorganism cells were collected from the culture solution other than that used in the above-described 



BNSOOCID: <EP 1245682A2_L> 



11 



EP 1 245 682 A2 



analyzing operation by centrifugal separation. The obtained cells were suspended in 1 .6 L of purified water, and then 
0.8 L of sodium hypochlorite solution (effective chlorine concentration: 5% or more) was added thereto. The mixed 
solution was shaken at 4°C for 2 hours to solubilize cell components other than PHA S and then PHA was collected by 
centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 30 minutes). The obtained PHA was suspended in 200 ml of 
5 purified water. An operation of collecting PHA by centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 30 minutes) 
was repeated three times, and then washed with water to obtain PHA particles (Sample 7). 
[0093] Residual chlorine retained by the PHA particles was evaluated by the following method. 

(1 ) Organoleptic evaluation 

10 

[0094] The chlorinous odor of the PHA particles left at room temperature was detected organ oleptically, and evaluated 
it on a scale of 1 to 5: 

+++ (high), ++ (medium), + (low), ± (feeble), - (none) 
in the order of the strength of the chlorinous odor. 

15 

(2) Concentration treatment 

[0095] The above PHA particles were placed In a 500 ml capped flask, and the flask was completely sealed. After 
residual chlorine was released by heating for 1 hour in a 150°C atmosphere, chlorine concentration in the flask was 
20 measured with a gas detector tube. 

[0096] The results of evaluation of residual chlorine are shown in Table 4. The table shows that chlorine is remained 
in the PHA particles. 



Table 4 







Organoleptic evaluation 


Chlorine concentration (pprn) 


Sample 7 


PHA particles 


+++ 


20.0 



1 .0 g dry weight of PHA particles obtained by the above-described method was suspended in 50 ml of purified water 
30 and 50 ml of 10% aqueous sodium thiosulfate pentahydrate solution. After stirring these suspensions at 50°C for 6 
hours, PHA was collected from each suspension by centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 30 minutes). 
The obtained PHA was suspended in 40 ml of purified water and then an operation of collecting PHA by centrifugal 
separation (29,400 m/s 2 (3,000 x g), 4°C, 30 minutes) was carried out three times. The obtained PHA was suspended 
in 10 ml of purified water and freeze-dried to obtain washed PHA particles. The PHA particles washed with purified 
35 water are defined as Sample 8, and those washed with 10% sodium thiosulfate pentahydrate solution are defined as 
Sample 9. 

[0097] Residual chlorine retained by the washed PHA particles was evaluated by the following method. 

(1) Organoleptic evaluation 

40 

[0098] The chlorinous odor of the PHA particles left at room temperature was detected organoleptically, and evaluated 
it on a scale of 1 to 5: 

+++ (high), ++ (medium), + (low), ± (feeble), - (none) 
in the order of the strength of the chlorinous odor. 

45 

(2) Concentration measurement 

[0099] The above-described PHA particles were placed in a 500 ml capped flask, and the flask was completely 
sealed. After residual chlorine was released by heating for 1 hour in a 150°C atmosphere, chlorine concentration in 
so the flask was measured with a gas detector tube. 

[0100] The results of evaluation of residual chlorine are shown in Table 5. From comparison made between Tables 
4 and 5, it was found that a washing treatment with a hot purified water has an effect of reducing residual chlorine, but 
chlorine remained in the washed PHA particles is further reduced by washing with a sodium thiosulfate solution. 



Table 5 







Organoleptic evaluation 


Chlorine concentration (pprn) 


Sample 8 


Purified water 


++ 


3.0 
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Table 5 (continued) 







Organoleptic evaluation 


Chlorine concentration (ppm) 


Sample 9 


10% aqueous sodium thiosulfate solution 




<0.5 



(Example 4) Washing with aqueous sodium thiosulfate solution (2) 



10 



15 



[0101] 1 .0 g dry weight of PHA particles of Sample 7 obtained by the method in Example 3 was suspended in 50 ml 
each of 0%, 0.1%, 1 .0% and 1 0% aqueous sodium thiosulfate pentahydrate solutions. These 4 types of suspensions 
were stirred at 50°C for 6 hours, and then PHA was collected by centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 
30 minutes). The obtained PHA was suspended in 50 ml of purified water and the suspension was further stirred at 
50°C for 6 hours, followed by centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 30 minutes) to collect PHA. The 
obtained PHA was suspended in 40 ml of purified water, and then an operation of collecting PHA by centrifugal sep- 
aration (29,400 m/s 2 (3,000 x g), 4°C, 30 minutes) was carried out three times. The obtained PHA was suspended in 
10 ml of purified water and freeze-dried to obtain washed PHA particles. The PHA particles washed with 0%, 0.1%, 
1 .0% and 10% aqueous sodium thiosulfate solutions are defined as Samples 10,11,12 and 13, respectively. 
[0102] Residual chlorine retained by the PHA particles was evaluated by the following method. 



(1) Organoleptic evaluation 

[0103] The chlorinous odor of the PHA particles left at room temperature was detected organ oleptically, and evaluated 
it on a scale of 1 to 5: 

+++ (high), ++ (medium), + (low), ± (feeble), - (none) 
in the order of the strength of the chlorinous odor. 

(2) Concentration measurement 



[0104] The above washed particles were placed in a 500 ml capped flask, and the flask was completely sealed. After 
residual chlorine was released by heating for 1 hour in a 150°C atmosphere, chlorine concentration in the flask was 
measured with a gas detector tube. 

[0105] The results of evaluation of residual chlorine are shown in Table 6. From comparison made between Tables 
4 and 6, it was found that a washing treatment with a hot purified water (a 0% aqueous sodium thiosulfate solution) 
has an effect of reducing residual chlorine, but residual chlorine in the washed PHA particles is further reduced by 
washing with a sodium thiosulfate solution though there is a subtle difference by organoleptic evaluation, and that the 
higher the concentration of sodium thiosulfate, the greater the effect can be obtained. 



Table 6 







Organoleptic evaluation 


Chlorine concentration (ppm) 


Sample 1 0 


0% aqueous sodium thiosulfate solution 


+ 


<0.5 


Sample 11 


0.1% aqueous sodium thiosulfate 
solution 


± 


<0.5 


Sample 12 


1 .0% aqueous sodium thiosulfate 
solution 




<0.5 


Sample 13 


1 0% aqueous sodium thiosulfate solution 




<0.5 



(Example 5) Washing treatment with alcohol 



[0106] A strain TL2 of Alcaligenes sp. Was inoculated into 1 .6 L of M9 medium containing 0.5% sodium lactate, and 
shaking culture was carried out at 30°C at 125 strokes/min. After 48 hours, cells were collected from the medium by 
centrifugal separation (78,000 m/s 2 (8,000 x g) : 4°C, 10 minutes). 

[0107] The cells obtained by the above culturing operation were suspended in 80 ml of purified water, and 40 ml of 
sodium hypochlorite solution (effective chlorine concentration: 5% or more) was added thereto. This suspension was 
shaken at 4°C for 2 hours to solubilize cell components other than PHA, and then PHA was collected by centrifugal 
separation (6,000 x g, 4°C, 20 minutes). The collected PHA was resuspended in 40 ml of purified water, and an 
operation of collecting PHA particles by centrifugal separation (78,000 m/s 2 (8,000 x g), 4°C, 10 minutes) was carried 
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out twice Then, PHA was washed with water to obtain PHA particles. 

[0108] An aliquot of the obtained PHA was subjected to f reeze-drying. Thereafter the aliquot was subjected to meth- 
anolysis according to conventional methods, and analyzed by a Gas Chromatography/Mass Spectrometry (GC-MS, 
Shimadzu QP-5050, El method) to identify a methyl esterif ied product of a monomer unit constituting PHA. As a result 
of the identification, it was found that the obtained PHA is PHB having 3-hydroxybutyric acid as a monomer unit. 
[0109] 0.3g dry weight of PHA particles obtained by the above process was suspended in 40 ml each of punfied 
water methanol, ethanol and isobutanol. These suspensions were stirred at 4°C for 1 hour, and then PHA particles 
were collected by centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 20 minutes). The collected PHA particles were 
resuspended in 40 ml of purified water, and PHA particles were collected by centrifugal separation (78,000 m/s (8,000 
x g) 4°C 10 minutes). After the washing treatment, the obtained PHA particles were suspended in 10 ml of punfied 
water and then f reeze-dried to obtain the PHA particles that underwent a washing treatment. The PHA particles washed 
with each of purified water, methanol, ethanol and isobutanol are defined as Samples 14, 15, 16 and 17, respectively. 
[0110] In both a case where the above-described washed PHA particles (Samples 14 to 17) were left at room tem- 
perature and a case where the particles were heated, the amount of chlorine released from the particles was measured 
by the method stated below. The above-described washed particles were placed in a 50 ml vial, which was then com- 
pletely sealed After leaving at room temperature overnight, the amount of chlorine contained in a gas phase in the 
vial was measured with a gas detector tube. Then, after heating the vial on a hot plate at 150°C for 2 minutes, the 
amount of chlorine contained in a gas phase in the vial was measured with a gas detector tube. 
[0111] The results of measurement are shown in Table 7. From the results shown in the table, it was found that, 
when compared with the case of washing with a purified water (Sample 14), the amount of chlorine released from the 
PHA particles washed with alcohol (Samples 1 5 to 1 7) was reduced by about a half or more of both the case of being 
left at room temperature and the case of being heated. 

Table 7 



Effect of reducing residual chlorine in polyhydroxyalkanoate by alcohol washing 






Amount of chlorine released frig) 






Left at room Left at room temperature 


Heated at 1 50°C for 2 minutes 


Sample 14 


Purified water 


>6.3 


160 


Sample 1 5 


Methanol 


3.2 


85 


Sample 16 


Ethanol 


1.3 


54 


Sample 1 7 


Isobutanol 


Nt 


25 



Nt: Unmeasured 



40 



45 



50 



55 



(Example 6) Washing treatment with ketone 

[0112] A strain TL2 of Alcaligenes sp. was inoculated into 1 .6 L of M9 medium containing 0.5% sodium lactate, and 
shaking culture was carried out at 30°C at 125 strokes/min. After 48 hours, cells were collected from the medium by 
centrifugal separation (78,000 m/s 2 (8,000 x g) 5 4°C, 1 0 minutes). 

[0113] The ceils obtained by the above culturing operation were suspended in 80 ml of purified water, and 40 ml of 
sodium hypochlorite solution (effective chlorine concentration: 5% or more) was added thereto. This suspension was 
shaken at 4°C for 2 hours to solubilize cell components other than PHA, and then PHA was collected by centnfugal 
separation (6,000 x g, 4°C, 20 minutes). The collected PHA was resuspended in 40 ml of purified water, and an 
operation of collecting PHA particles by centrifugal separation (78,000 m/s 2 (8,000 x g), 4°C, 10 minutes) was carried 
out twice. Then, PHA was washed with water to obtain PHA particles. 

[0114] An aliquot of the obtained PHA was subjected to freeze-drying. Thereafter the aliquot was subjected to meth- 
anolysis according to conventional methods, and then analyzed by a Gas Chromatography/Mass Spectrometry 
(GC-MS Shimadzu QP-5050, El method) to identify a methyl esterified product of a monomer unit constituting PHA. 
As a result of the identification, it was found that the obtained PHA is PHB having 3-hydroxybutyric acid as a monomer 

[0115] 0 3g dry weight of PHA particles obtained by the above process was suspended in 40 ml of purified water 
and 40 ml of acetone. These suspensions were stirred at 4°C for 1 hour, and then PHA particles were collected by 
centrifugal separation (29,400 m/s 2 (3,000 x g), 4°C, 20 minutes). The collected PHA particles were resuspended in 
40 ml of purified water, and PHA particles were collected by centrifugal separation (78,000 m/s 2 (8,000 x g), 4°C, 10 
minutes). After the washing treatment, the obtained PHA particles were suspended in 1 0 ml of purified water, and then 
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free7e-dried to obtain the PHA particles that underwent a washing treatment. The PHA particles washed with purified 
water, in both of the above washing treatments that carried out twice, are defined as Sample 18, and those washed 
with acetone in the first washing treatment are defined as Sample 19. 

[0116] In both a case where the above-described washed PHA particles were left at room temperature and a case 
where the particles were heated, the amount of chlorine released from the particles was measured by the method 
stated below. The above-described washed particles were placed in a 50 ml vial, which was then completely sealed. 
After leaving at room temperature overnight, the amount of chlorine contained in a gas phase in the vial was measured 
with a gas detector tube. Then, after heating the vial on a hot plate at 150°C for 2 minutes, the amount of chlorine 
contained in a gas phase in the vial was measured with a gas detector tube. 

[0117] The results of measurement are shown in Table 8. From the results shown in the table 8, it was found that, 
when compared with the case of washing with a purified water (Sample 18), the amount of chlorine released from the 
PHA particles washed with acetone (Sample 1 9) was significantly reduced, that is, the amount of chlorine still remained 
in the PHA particles after a washing treatment was sharply reduced. 



15 



20 



Table 8 



Effect of reducing residual chlorine in polyhydroxyalkanoate by acetone washing 






Amount of chlorine released (u.g) 






Left at room temperature 


Heated at 150°C for 2 minutes 


Sample 18 


Purified water 


>6.3 


160 


Sample 19 


Acetone 


1.6 


32 



25 



30 



35 



40 



45 



50 



55 



(Example 7) Crushing treatment (1) 

[0118] A colony of strain TB64 on an M9 agar medium containing 0.1% sodium malate was transferred to 50 ml of 
M9 medium containing 0.5% sodium malate in a 500ml shaking flask, followed by shaking culture at 30°C. After 24 
hours, 5 ml of the culture solution was added to 1L of M9 medium wherein only NH 4 CI as a nitrogen source was 
prepared at a concentration of 1/10, and which contained 0.5% sodium malate, and then the mixture was shaken in 
the same manner to accumulate PHB in cell bodies. After 48 hours, PHB accumulating cell bodies were collected by 
centrifugal separation and resuspended in 50 ml of distilled water, and then divided into five equal aliquots (10 ml 
each). Each of the five aliquots was subjected to each of the following 5 types of treatments (20 to 24). 
[0119] 20: Control: One of the five equal aliquots was subjected to centrifugal separation and then washed with 
methanol, followed by freeze-drying and weighing. Then, an extraction with chloroform was carried out at 60°C for 24 
hours. After the obtained extract was filtrated and concentrated, it was reprecipitated with methanol followed by vacuum 
drying to obtain a control polymer (Sample 20). 

[0120] 21: 40 ml of 31% hydrogen peroxide solution (Mitsubishi Gas Chemical Company, Inc.; JIS K-8230) was 
added to another of the five equal aliquots followed by a treatment at 80°C for 1 hour. 

[0121] 22: Distilled water was added to another of the above five equal aliquots to make the total amount 50 ml and 
French press (Ohtake Works; French Press 5501) was carried out thereon, followed by centrifugal separation at 4°C 
at 29,400 m/s 2 (3,000 x g) for 30 minutes. Thereafter, 40 ml of distilled water was further added thereto, and then 
centrifugal separation was carried out at 4°C at 29,400 m/s 2 (3,000 x g) for 30 minutes, followed by washing. 
[0122] 23: Another of the above five equal aliquots was subjected to the same operation as described in the above 
22, and then the obtained precipitated portion was suspended in 10 ml of distilled water and 40 ml of 31% hydrogen 
peroxide solution was added thereto, followed by a treatment at 80°C for 1 hour. 

[0123] 24: Final one of the above five equal aliquots was subjected to the same operation as described in the above 
22, and then the obtained precipitated portion was suspended in 1 0 ml of distilled water, and 5 ml of sodium hypochlorite 
solution (Kishida Chemical Co., Ltd.; containing 12% sodium hypochlorite (effective chlorine concentration: 5% or 
more)) was added thereto, followed by a treatment at 4°C for 2 hours. 

[01 24] The above five aliquots, each of which was subjected to treatments described in the above 21 to 24 separately, 
were subjected to centrifugal separation (4°C, 29,400 m/s 2 (3,000 x g), 30 minutes), and cooled to 4°C again. After 
40 ml of distilled water was added thereto and fully stirred, centrifugal separation was carried out twice under the same 
conditions and the obtained precipitate was subjected to freeze-drying and then weighing. The obtained products are 
defined as Samples 21 to 24, respectively. 

[0125] To evaluate "yield rate" and "purity" that are stated below, the following operation was carried out. 

[01 26] 30 ml of chloroform was added to Samples 20 to 24 that were f reeze-dried, and a stirring extraction operation 

was carried out at 60°C for 24 hours. The chloroform solution containing extracted PHB, was filtrated with a 0.45fim 
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PTFE filter, and the filtrate was concentrated with a rotary evaporator. The concentrate was added to 1 0 times amount 
of methanol to precipitate and collect PHB. The obtained PHB was subjected to vacuum drying and then weighing. 
[0127] The weight ratio of the PHB obtained by extracting Samples 21 to 24 with chloroform with respect to Sample 
20 as a control, is determined as "yield rate", and the weight ratio of the PHB obtained by extracting each sample with 
chloroform with respect to samples before chloroform extraction, is determined as "purity". The results are shown in 
Table 9. 

Table 9 





Weight before chloroform 
extraction (mg/L) 


Weight after chloroform extraction 
(mg/L) 


Yield rate (%) 


Purity t%) 


Sample 20 


2900 


1830 






Sample 21 


1940 


1790 


97.8 


92.3 


Sample 22 


2020 


1810 


98.9 


89.6 


Sample 23 


1800 


1760 


96.2 


97.8 


Sample 24 


1830 


1770 


96.7 


96.7 



10 



15 



20 



25 



30 



35 



40 



[0128] There is not a significant difference in respect of yield rate. In respect of purity, however, when compared with 
Sample 21 treated with no French press but treated with a hydrogen peroxide solution and Sample 22 treated with 
French press but treated with no hydrogen peroxide solution, Sample 23 treated with both French press and a hydrogen 
peroxide solution and Sample 24 treated with French press and hypochlorite had good results. It is clear that purity is 
improved by the combined use of a crushing treatment and an oxidizing agent treatment. 

[0129] The molecular weight of the obtained PHB was measured by gel permeation chromatography (GPC; Tosoh 
HLC-8020, column: Polymer Laboratory PLgelMIXED-C (5p.m), solvent: chloroform, converted to polystyrene). The 
results are shown in Table 10. 

Table 10 





Mn 


Mw 


Mw/Mn 


Sample 20 


550000 


1250000 


2.3 


Sample 21 


510000 


1230000 


2.4 


Sample 22 


540000 


1200000 


2.2 


Sample 23 


500000 


1210000 


2.4 


Sample 24 


490000 


1230000 


2.5 



[01 30] There were observed almost no differences among the molecular weights of each sample. It is clear that there 
is a smaller change of molecular weight by a disruption treatment or an oxidizing agent treatment, when compared 
with the conventional chloroform extraction methods. 



45 



50 



55 



(Example 8) Crushing treatment (2) 

[0131] A colony of Pseudomonas oleovorans on an M9 agar medium containing 0.1% n-nonanoic acid was trans- 
ferred to 50 ml of M9 medium containing 0.3% n-nonanoic acid followed by shaking culture at 30°C. After 40 hours, 5 
ml of the culture solution was added to 1 L of M9 medium containing 0.1% n-nonanoic acid and 0.1% 5-phenylvaleric 
acid, followed by shaking culture. After 40 hours, cell bodies were collected by centrifugal separation and resuspended 
in 1 L of M9 medium that did not contain NH 4 Cl as a nitrogen source : but contained 0.1% n-nonanoic acid and 0.1% 
5-phenylvaleric acid. The suspension was shaken in the same manner, so as to allow the cell bodies to accumulate 
PHA comprising, as units, 3-hydroxynonanoic acid, 3-hydroxyheptanolc acid, 3-hydroxyvaleric acid and 3-hydroxy- 
5-phenoxyvaleric acid. After 40 hours, the cell bodies accumulating PHA were collected by centrifugal separation, and 
resuspended in 40 ml of distilled water in the same manner as in Example 7. The suspension was then divided into 
four equal aliquots (10 ml each), and these aliquots were subjected to the following 4 types of treatments (25 to 28), 
separately The treatments are as follows. 

[0132] 25: Control: One of the above four equal aliquots was subjected to centrifugal separation and then washed 
with methanol, followed by freeze-drying and weighing. Then, chloroform extraction was carried out at 60°C for 24 
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hours. After the obtained extract was filtrated and concentrated, it was reprecipitated with methanol followed by vacuum 
drying to obtain a control polymer (Sample 25). 

[0133] 26: 40 ml of 31% hydrogen peroxide solution (Mitsubishi Gas Chemical Company, Inc.; JIS K-8230) was 

added to another of the above four equal aliquots, followed by a treatment at 80°C for 1 hour. 

[0134] 27: Some amount of distilled water was added to another of the above four equal aliquots to have the total 

amount of 50 ml, and French press (Ohtake Works; French Press 5501 ) was carried out thereon, followed by centrifugal 

separation at 4°C at 29,400 m/s 2 (3,000 x g) for 30 minutes. Thereafter, 40 ml of distilled water was further added 

thereto, and then centrifugal separation was carried out at 4°C at 29,400 m/s 2 (3,000 x g) for 30 minutes, followed by 

washing. 

[0135] 28: Final one of the above four equal aliquots was subjected to the same operation as described in the above 
27, and then the obtained precipitated portion was suspended in 10 ml of distilled water and 40 ml of 31% hydrogen 
peroxide solution was added thereto, followed by a treatment at 80°C for 1 hour. 

[0136] The aliquots, 26 to 28, were subjected to centrifugal separation (4°C, 29 : 400 m/s 2 (3,000 x g), 30 minutes), 
and then 40 ml of distilled water was added thereto and fully stirred. Thereafter, centrifugal separation was carried out 
twice under the same conditions and the obtained precipitate was subjected to freeze-drying and then weighing. The 
obtained products are defined as Samples 26 to 28. 

[0137] These samples were subjected to chloroform extraction in the same manner as in Example 7, and "yield rate" 
and "purity" were determined. The results are shown in Table 11 . 



20 



25 



Table 11 





Weight before chloroform 
extraction (mg/L) 


Weight after chloroform extraction 
(mg/L) 


Yield rate (%) 


Purity (%) 


Sample 25 


1980 


1080 






Sample 26 


1210 


1000 


92.6 


83.4 


Sample 27 


1230 


1010 


93.5 


82.1 


Sample 28 


1110 


990 


91.7 


89.2 



30 



35 



[01 38] There is not a significant difference in respect of yield rate. In respect of purity, however, when compared with 
Sample 26 treated with no French press but treated with a hydrogen peroxide solution and Sample 27 treated with 
French press but treated with no hydrogen peroxide solution, the purity of Sample 28 treated with both French press 
and a hydrogen peroxide solution was the highest. It is clear that, similarly as in the case of PHB shown in Example 
7, the purity of PHA having an aromatic ring as shown in this example is also improved by the combined use of a 
crushing treatment and an oxidizing agent treatment. 

[0139] The molecular weight of the obtained PHB was measured by gel permeation chromatography (GPC; Tosoh 
HLC-8020, column: Polymer Laboratory PLgelMIXED-C (5u.m), solvent: chloroform, converted to polystyrene). The 
results are shown in Table 12. 
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Table 12 





Mn 


Mw 


Mw/Mn 


Sample 25 


35000 


91 000 


2.6 


Sample 26 


32000 


89000 


2.8 


Sample 27 


34000 


90000 


2.6 


Sample 28 


30000 


89000 


3.0 



50 



55 



[0140] There were observed almost no differences among the molecular weight of each sample. It is clear that, in 

respect of PHA having an aromatic ring also, there is no change in molecular weight by a crushing treatment or an 

oxidizing agent treatment, when compared with the conventional chloroform extraction methods. 

[01 41 ] According to the method of the present invention, it becomes possible to simply obtain polyhydroxyalkanoate 

accumulated in cells of microorganisms or the like with high yield, while maintaining the original molecular weight. 

Moreover, using the method for producing PHA of the present invention, PHA particles having reduced residual chlorine 

can efficiently be produced on an industrial scale, without using means for organic solvent extraction. 

[0142] The particles of polyhydroxyalkanoate obtained by the method of the present invention will be raw materials 

useful as biodegradable materials, biocompatible materials, various functional materials s etc., and can be expected to 
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be applied to various fields such as device materials or medical materials. 

Claims 

5 

1 . A method for producing polyhydroxyalkanoate, comprising: 

a step of treating cells containing polyhydroxyalkanoate with an oxidizing agent containing at least hypochlorite; 
a step of separating the treated cells into a water-soluble fraction and a water-insoluble fraction; and ■ 
io a step of reducing chlorine remained in the water-insoluble fraction. 

2. The method for producing polyhydroxyalkanoate according to claim 1 , wherein a concentration of said hypochlorite 
is within a range of 1 .5% to 5.0% as an effective chlorine concentration. 

is 3. The method for producing polyhydroxyalkanoate according to claim 1 , wherein said hypochlorite is sodium hy- 
pochlorite. 

4. The method for producing polyhydroxyalkanoate according to claim 1 , wherein said step of reducing chlorine is a 
step of washing said water-insoluble fraction with a liquid in which chlorine is soluble. 

20 

5. The method for producing polyhydroxyalkanoate according to claim 1 , wherein said step of reducing chlorine is a 
step of washing said water-insoluble fraction with a hot water. 

6. The method for producing polyhydroxyalkanoate according to claim 5, wherein a temperature of said hot water is 
25 within a range of 30°C to 60°C. 

7. The method for producing polyhydroxyalkanoate according to claim 1 , wherein said step of reducing chlorine is a 
step of washing said water-insoluble fraction with an aqueous thiosulfate solution. 

30 8. The method for producing polyhydroxyalkanoate according to claim 7, further comprising a step of washing the 
obtained polyhydroxyalkanoate with a hot water. 

9. The method for producing polyhydroxyalkanoate according to claim 7, wherein said thiosulfate is at least one 
selected from a group consisting of potassium thiosulfate, potassium thiosulfate trihydrate, calcium thiosulfate 

35 hexahydrate, ferrous thiosulfate, sodium thiosulfate, sodium thiosulfate pentahydrate and ammonium thiosulfate. 

10. The method for producing polyhydroxyalkanoate according to claim 1 , wherein said step of reducing chlorine is a 
" step of washing said water-insoluble fraction with a polar solvent solution containing at least an organic polar 

solvent in which said polyhydroxyalkanoate is insoluble. 

11. The method for producing polyhydroxyalkanoate according to claim 10, wherein said organic polar solvent is at 
least one selected from a group consisting of alcohols and ketones. 

12. The method for producing polyhydroxyalkanoate according to claim 1 1 , wherein said alcohol is at least one selected 
45 from a group consisting of methanol, ethanol, isopropanol and Isobutanol. 

13. The method for producing polyhydroxyalkanoate according to claim 11, wherein said ketone is acetone. 

14. The method for producing polyhydroxyalkanoate according to claim 1 , further comprising: 

a step of obtaining a crushed product by crushing cells containing polyhydroxyalkanoate; and 
a step of separating the crushed product into a water-soluble fraction and a water-insoluble fraction, 
wherein said water-insoluble fraction is used in said step of treating with an oxidizing agent. 

55 15. The method for producing polyhydroxyalkanoate according to claim 14, wherein said step of obtaining the crushed 
product by crushing cells is performed by at least one selected from a group consisting of ultrasonication method, 
homogenizer method, high-pressure crushing method, bead impact method, milling method, grinding method, and 
freeze-thawing method. 
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16. The method for producing potyhydroxyalkanoate according to claim 1 , wherein said polyhydroxyalkanoate is poly- 
3-hydroxybutyric acid. 

17. An apparatus for producing polyhydroxyalkanoate, comprising: 

means for treating cells containing polyhydroxyalkanoate with an oxidizing agent containing at least hypochlo- 
rite; 

means for separating the treated cells into a water-soluble fraction and a water-insoluble fraction; and 
means for reducing chlorine remained in the water-insoluble fraction. 

18. A method for producing polyhydroxyalkanoate, comprising: 



a step of obtaining a crushed product by crushing cells containing polyhydroxyalkanoate; 
a step of separating the crushed product into a water-soluble fraction and a water-insoluble fraction; and 
15 a step of treating the water-insoluble fraction with an oxidizing agent. 

19. The method for producing polyhydroxyalkanoate according to claim 18, wherein said step of obtaining the crushed 
product by crushing cells is performed by at least one selected from a group consisting of ultrasonication method, 
homogenizer method, high-pressure crushing method, bead impact method, milling method, grinding method, and 

20 freeze-thawing method. 

20. The method for producing polyhydroxyalkanoate according to claim 1 8, wherein said oxidizing agent is an oxidizing 
agent containing at least a peroxide compound. 

25 21. The method for producing polyhydroxyalkanoate according to claim 20, wherein said peroxide compound is any 
one of hydrogen peroxide and sodium percarbonate. 



22. The method for producing polyhydroxyalkanoate according to claim 1 8, wherein said oxidizing agent is an oxidizing 
agent containing at least hypochlorite. 

23. The method for producing polyhydroxyalkanoate according to claim 22, wherein said hypochlorite is sodium hy- 
pochlorite. 

24. An apparatus for producing polyhydroxyalkanoate, comprising: 

means for obtaining a crushed product by crushing cells containing polyhydroxyalkanoate; 

means for separating the crushed product into a water-soluble fraction and a water-insoluble fraction; and 

means for treating the water-insoluble fraction with an oxidizing agent 
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(57) The present invention provides a method for 
producing highly purified polyhydroxyalkanoate (PHA) 
with high yield, by removing cell components other than 
PHA from cells containing PHA. Moreover, the present 
invention provides a method for simply removing or re- 
ducing chlorine remained in the collected PHA particles, 
when a treatment with an oxidizing agent containing hy- 
pochlorite Is performed in the production of PHA as de- 
scribed above. One of the above-described methods 
comprises a step of treating cells containing polyhy- 
droxyalkanoate with an oxidizing agent containing at 
least hypochlorite, a step of separating the treated cells 
into a water-soluble fraction and a water-insoluble frac- 
tion, and a step of reducing chlorine remained in the wa- 
ter-insoluble fraction. The step of reducing chlorine may 
be a step of washing the water-insoluble fraction with a 
hot water, thiosulfate solution or polar solvent solution 
containing at least an organic polar solvent in which pol- 
yhydroxyalkanoate is insoluble. 
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